ABSTRACT -The fungus Sclerotinia sclerotiorum, causal agent of white mold disease on several economically important crops, such as bean, soybean, and cotton, is commonly disseminated through seeds and can cause high losses on their quality and in productivity of these species. The aim of this study was assessing the effects of different initial inoculums potentials of this fungus on common bean seeds using two different strains of the fungus and two genotypes of common beans (Pérola and Ouro Negro) artificially inoculated. Seeds were sown on soil and the cultivation was performed under controlled environmental conditions favorable to development of the white mold disease. Variables assessed were: germination; seed health; emergence speed index; initial and final seedling number; and dry weight of aerial parts and roots. It was found that with the gradual increase in inoculum potential in the seeds also occurred gradual reduction in the values of: germination; emergence speed index; seedling stand; and length and dry mass of aerial parts and roots. These results show the importance of initial inoculum potential of S. sclerotiorum present in common bean seeds, as much in disseminating the pathogen as on direct damages caused in field by reducing productive potential of the emerged plants.
Introduction
The common bean (Phaseolus vulgaris L.) is one of main components in the food diet of many worldwide peoples, once it is rich in proteins and other nutrient that are very important in the human food. In Brazil, this leguminous is widely grown, as much by small producers, which due to their low income grow this crop in small areas, as by large producers that grow common beans in larger areas and with high technology. Nevertheless, with the increase in the cultivated area, there is an increase also in the problems related to its cultivation, chiefly by the use of low health seeds (Mertz et al., 2007) .
Among main phytopathological problems, associated to common bean cultivation, the disease known as white mold, caused by the fungus Sclerotinia sclerotiorum (Lib.) de Bary, is one of most destructive (Harveson et al., 2010) , since the fungus infects seeds of innumerous species of cultivated plants of economical importance to Brazil, and may became a limiting factor to production of those crops. On considering the expressive contribution of common beans crop in the socioeconomic context of Brazilian agribusiness, it is possible to state that the importance of this disease is each time greater in Brazil, in relation to others producing countries. The fungus S. sclerotiorum has been frequently described as liable by the direct and indirect losses caused to common beans crop, as much on direct reduction of productivity as in reduction of quality of the grains produced. In addition, white mold disease is able to reduce sustainability of this crop in regions where the pathogen occurs with high frequency and intensity (Zancan et al., 2012) .
The knowledge of association of this microorganism with the common bean seeds is of essential importance to adequate management to be used on the crop aiming at avoiding introduction as well as the fast dissemination of this pathogenic agent into free areas, once this fungus is able to affect as much the quantity as the quality of the final product. According to Machado (1988) , the pathogen structures (hyphae and/or sclerotia), which may be present on the tegument or even in the internal seed structures constitute the primary inocula to epidemics development caused by this fungus. In addition, such structures (chiefly the sclerotia) continue to be viable, even for long periods, when seeds are stored.
One of the most effective ways to control the causal agent of white mold disease is the use of seeds with high physiological and health qualities, i.e., free of the resistance structures of pathogen (sclerotia) mixed with the seeds and/or the fungus mycelia sheltered within tegument as well as in the embryonic tissues; thus avoiding its dissemination or its introduction in non-infected areas. Within this context Parisi et al. (2006) point out that the use of seeds with good physiological and health qualities, and that are within the standards of the tolerance established for major crops and diseases, are among the most effective modes to reduce the spread of pathogens; besides contributing on reduction in the use of seeds noncertified that in the case of common beans is quite large in the country. In the last years, the tolerance standards proposed in Brazil for fungus S. sclerotiorum establish a zero (0) value to the different classes for common bean seed certification, i. e., by not allowing the presence of the pathogen together with seeds, either in form of contamination through sclerotia and/or the concomitant infection by the fungal mycelia within those seeds (Oliveira, 2005) .
Nevertheless, there are only a few reports in the literature on the importance of presence of fungal mycelia in the seeds of different host species in the dissemination of this causal agent of the white mold disease, especially for the common bean seeds. Besides, severity of disease in field not always is correlated to the percentage of seeds infected by the pathogen, once even plants with an apparently small infection by the fungus may produce a large number of heavily infected seeds (Lima et al., 1984) . Therefore, considering the importance of high-capacity spread of fungus S. sclerotiorum, it must be admitted that there are still need of more detailed studies on the correlation between the numbers of seeds colonized by this fungus as well as on its spread to growing areas of common beans still not infested by the disease.
In face of the foregoing, this study was performed aiming at assessing the effect of the infection of common beans seeds by the mycelia of fungus S. sclerotiorum in the performance as well as in the health quality of the common bean seeds when they are sown under controlled environmental conditions and favorable to the fast development of the white mold disease.
Material ad Methods

Selection and multiplication of the fungus strains
The study was carried out in the Seed Testing Laboratory of Department of Phytopathology, of Federal University of Lavras (UFLA = Universidade Federal de Lavras), located in municipality of Lavras, State of Minas Gerais, South East Brazil. To this study were used two different strains of the S. sclerotiorum fungus registered as CMLAPS O2 (strain S1) and CMLAPS 401(strains S2), both obtained from the Fungi Culture Collection of the DPF-UFLA. Initially, both strains were multiplied into Petri dishes with in diameter, containing of Potato Dextrose Agar medium (PDA), which were incubated into a BOD type chamber, at 20 ºC, during five days, with a photoperiod of 12/12 h (L/D). Soon after the first transfer, the original fungal cultures were preserved by the method of Castellani (Figueiredo, 1967) .
Procedures used for inoculating the seeds
Seeds of two common bean cultivars, cv. Pérola and cv. Ouro Negro, produced in the crop season of 2010/2011, were subjected to asepsis with a sodium hypochlorite solution at 1%, during 30 sec., and immediately rinsed in sterile distilled water. After such procedure, the seeds were inoculated by using a methodology already described in the literature (Costa et al., 2003; Machado et al., 2001) .
For the inoculation of these seeds were used Petri dishes, into which was poured the PDA medium with the water potential adjusted to -1.0 MPa, which was modified with mannitol [C 6 H 6 (OH) 6 ] and computed using the software SPPM (Michel and Radcliffe, 1995) . On this culture medium were put small discs of mycelia of the fungus cut from the edges of the zone of growth of the fungus mycelium developed on the mother plate, with aid of a cork borer previously sterilized. After the inoculation, these plates were also kept in an incubation chamber, at 20 °C, and with a photoperiod of 12/12 h, for five days.
After the fungus growth, until covering the whole surface of substrate, the seeds that had been superficially disinfected with sodium hypochlorite during 1 min., were evenly distributed in a single layer upon the fungus colony. The plates containing the fungus + seeds were then placed into an incubation chamber, at 20 ºC, during 36, 72, and 96 h, under a photoperiod of 12/12 h. These incubation periods correspond to potential of initial inoculum P1, P2, and P3, respectively. Control treatment consisted in the distribution of the same number of seeds into Petri dishes, containing the non-inoculated culture medium and prepared as previously described, for each incubation period and each replication.
After each contact period between the seeds and culture medium, these seeds were removed from the Petri dishes and subjected to drying during 48 h, into a forced air circulation oven, until reaching 12% moisture content.
Physiological and health quality assessment of seeds infected by the fungus S. sclerotiorum with different initial inoculum levels
For this experiment, several different tests were applied to assess physiological and health quality of the seeds, as following described:
To assess health quality of the seeds inoculated with the three different levels of initial inoculum potential (P1, P2, and P3) or the non-inoculated seeds (control), it was used the semi-selective culture medium Agar-Bromophenol Blue, also known as NEON; however, with the modifications described by Napoleão et al. (2006) . To this, 200 inoculated seeds with S. sclerotiorum, as well as non-inoculated seeds were placed into Petri dishes containing NEON and taken at the incubation chamber, at 20 ºC and photoperiod of 12/12 h. From the third day incubation, the 200 inoculated seeds, and well as the 200 non-inoculated seeds were examined searching for formation of a yellow-reddish halo around each seed; which is an indicative of the fungus S. sclerotiorum presence in that seed.
To assess germination of the seeds it was used the test carried out through the method by which subsamples of 50 seeds each, per each treatment, are put to germinate into rolls of germination paper (Germitest®) moistened with distilled water (Brasil, 2009b) . Therefore, in this study were also used samples of 200 seeds for each treatment (control, P1, P2, and P3), which were then split in four subsamples of 50 seeds each, placed upon two sheets of Germitest® paper, covered with another sheet of the same paper, made into rolls and then kept in a germinator under constant temperature of 25 ± 2 ºC. Assessments were performed by counting the number of normal seedlings emerged at day fourth and at day ninth after seeding, according to recommendations of the Rules for Seed Testing (Brasil, 2009a) .
To assess germination speed index (GSI), initial stand (IS), final stand (FS), and dry mass of aerial parts and roots, 200 inoculated seeds, as well as 200 non-inoculated seeds of each common bean cultivar were sown in polyethylene trays, containing a mixture of fine sand and soil, at 1:1 ratio. The experiment was carried out into growth chamber and the emergence speed of the seedling was determined by counting of normal seedling emerged. Only the seedlings presenting the cotyledons above the soil line were considered emerged; and the total number of emerged seedlings was obtained by consecutive assessments performed at each two days interval, until stabilization of germination; what occurred 14 days after sowing. The GSI was computed according to equation described by Maguire (1962) . The values for the IS and FS were recorded at 10 and 25 days after sowing, respectively, and the absolute value recorded at these two periods was converted in percentage.
Values for dry mass (aerial parts and roots) were obtained 30 days after sowing by weighing all seedlings emerged in each replication. To assess the dry mass, the seedlings were cut at 2 cm above substrate line and then subjected to the drying process in a forced air circulation oven, at 50 ºC temperature, until reaching constant weight. After 96 h, the so dried material was weighed in a semi-analytical balance, with 0,001 g precision. Results were expressed in grams.
For all experiments was utilized the completely randomized experimental design with the treatments arranged in a factorial scheme 3 x 2 x 2 (3 periods of exposition to initial inoculum potentials x 2 common bean cultivars x 2 strains of fungus), with four replications to each treatment. After verifying additivity of the model, as well as independence of standard deviation, data were subjected to ANOVA. The treatment means were compared by Tukey test at 5% probability (p ≤ 0.05).
Results and Discussion
Within this study, it was found that the effect of infection of the common beans seeds by the fungus S. sclerotiorum was very high, as much for cv. Pérola as for cv. Ouro Negro, causing germination reduction on percentage of the seeds assessed after the inoculation, which was progressive with the increase on the contact period of the seeds with the two Table 1 . Percentage of initial germination (IG) of seeds of two common bean cultivars in relation to germination of seeds of these cultivars after artificial inoculation with two strains of the fungus S. sclerotiorum (S1 and S2) in three different levels of initial inoculum potentials (P1, P2, and P3) and germination percentage of non-inoculated seeds (WF). fungus strains as compared to initial germination of the seeds of the two cultivars assessed (Table 1 ).
*Means followed by the same uppercase letter in the columns and lowercase in lines are not statistically different between each other by the Tukey test (p ≤ 0.05). ** S1 = strain CMLAPS 02; S2 = strain CMLAPS 401; WF = without the fungus ***P1, P2, P3 = initial inoculum potential after the contact of the seeds with colonies of fungus grown in Petri dishes on NEON culture medium during 36, 72, and 96 h.
As it can be seen from data presented on that table, in the highest inoculum potential assessed (P3) there was some statistically significant differences between the two cultivars for the two strains of the fungus. The fungus S. sclerotiorum may induce intense reductions on the stand of common bean plants in the field, placing it beside other pathogens that are able to cause similar effect in other species of cultivated plants.
In relation to effect of both strains of S. sclerotiorum used in this study, it was observed that the strain S1, in the highest inoculum potential (P3), was the most aggressive to the seeds of both the cultivars assessed (Table 1) . It can also be observed that there were statistically significant differences between the percentages of germination of seeds inoculated with both strains, when the two other inoculum potentials (P1 and P2) were used, which demonstrates the aggressiveness of the pathogen.
On considering the fact that S. sclerotiorum is a soil-born microorganism, it is worth emphasizing that use of seeds infected by this pathogen can be one of the most common modes of introducing the white mold disease agent in areas still non-infected and therefore determining its quarantine to cultivation of common beans for long periods; thus making them viable only for cultivation of some non-host species. However, the number of these species is limited, once the fungus S. sclerotiorum is considered a pathogen extremely polyphagous and able to cause damages on more than 400 different plant species within more than 250 genera.
Through information achieved in this study, it becomes clear that effect of fungus S. sclerotiorum in the seed tissues of common beans, when these seeds are inoculated with different inoculum levels, induces reduction on the germination percentage in a gradual form and inversely correlated to the increase of the inoculum levels. This pattern of action on germination of the seeds was similar for both strains of the fungus as well as for both cultivars assessed.
In the same research line, Machado et al. (2001) , by using soybean seeds as hosts, have found that the fungus S. sclerotiorum in seeds of this species was highly detrimental to seed germination and to seedling development, as revealed by the test of germination and the total length and the dry weight of the assessed seedlings.
It is worth emphasizing that in the inoculation method used in this study the seeds were kept in contact with the developing fungus colonies during variable time periods and, as control, were used common beans seeds kept in contact with substrate containing only the hydric restrictor and without the fungus presence, during the same time periods. Thus, it was found that contact of seeds with the substrate containing mannitol is likewise a reduction factor for germination capacity of the common beans seeds and that such factor should be considered in the germination test, as indicated by the data presented on Table 1 .
As determined by the germination test, conducted with seeds that had been inoculated with the two isolates of fungus S. sclerotiorum (IS1 and IS2) grown in culture medium AgarBromophenol Blue (a semi-selective method for this fungus) with different potentials of initial inoculum (P1, P2, P3), the incidence of the fungus in the common bean seeds, on the mean, was similar to the two cultivars assessed (Table 2) . It is worth noticing that the incidence values of fungus S. sclerotiorum are variable depending on the initial inoculum potential applied to the seeds. Despite the fact that by methodology used herein all seeds have been subjected to the action of the fungus, results have shown that not all seeds were infected by the pathogen. Therefore, this event proves the information contained in literature according to which there is heterogeneity on variation of the quality of the seeds originating from the same lot (Illipronti et al., 1997) .
The common bean seeds used in this study were fully exempted of mycelium and/or sclerotia of fungus S. sclerotiorum before inoculation with the different levels of initial inoculum. However, comparing means for percentage of incidence of the two strains of the pathogen in the seed inoculated with the three different levels of initial inoculum, it is possible to verify that actually there was statistically significant differences only to the lower inoculum potential (P1) for the strain S1 (Table 2) . Furthermore, it can also be seen that the percentage incidence of the fungus in the seeds inoculated with higher initial inoculum potentials (P2 and P3) was greater for both inoculated strains. This information emphasizes the risk of using common beans seeds infected with the fungus S. sclerotiorum in areas where environmental conditions are favorable for the development of white mold disease, as it has been already stressed in previous studies for this as well as for other pathosystems of agricultural importance (Novembre, 2001 , Machado et al., 2001 ). the seeds were not inoculated with the fungus. However, there was a reduction in the values of ESI for both cultivars, when seeds were exposed to contact with the two strains of the fungus as compared to the seeds free of the pathogen. Nevertheless, this value did not change when the seeds were not inoculated (Table 4) . Table 2 . Incidence (%) of the fungus S. sclerotiorum in seeds of two common bean cultivars depending on the initial inoculum potential (P1, P2 and P3) of two different of the fungus strains (S1 and S2) and incidence (%) of the fungus in non-inoculated seeds (WF).
Fungal strain
Incidence (%) From the values obtained for ESI, it can be observed that the fungus S. sclerotiorum has negatively affected in a statistically significant manner the vigor of seeds inoculated with both the isolates, as compared to the non-inoculated seeds (Table 3) . By analyzing results obtained for the two cultivars, it can be noticed that there was a consistent superiority of the value of ESI for the cv. Ouro Negro, in relation to cv. Pérola, for both the strains assessed. This value was also higher when On comparing the means obtained for the ESI of the seeds inoculated with the two strains of the fungus, it can be observed that there was statistically significant difference between the strains S1 and S2 only on the lower initial inoculum potential assessed (P1). It can also be observed that the ESI values have decreased with the increase on the initial inoculum potential (Table 4) . It can also be observed that there was reduction on the IVE values with the increase of the potential of the initial inoculum. By analysis of results obtained for each strain within the different initial inoculum potentials, it can be observed that there was statistically significant difference for both strains only for the lowest potential of initial inoculum (P1), which has presented the highest IVE, with subsequent decline when time of contact with the pathogen was increased.
The effect of inoculation of the two strains of fungus S. sclerotiorum in the seeds of both cultivars was variable when the experiment was conducted in mixed substrate of sand and soil and under favorable environmental conditions for the development of white mold disease, allowing detecting differences statistically significant as much between the two cultivars as among the different levels of initial inoculum potential (Tables 5, 6 , 7 and 8).
*Means followed by the same uppercase letter in the columns and lowercase in lines are not statistically different between each other by the Tukey test (p ≤ 0.05). ** S1 = strain CMLAPS 02; S2 = strain CMLAPS 401; WF = without the fungus ***P1, P2, P3 = initial inoculum potential after the contact of the seeds with colonies of fungus grown in Petri dishes on NEON culture medium during 36, 72, and 96 h. By comparing the mean values of the percentage of initial stand of the seedlings obtained from the seeds of both the common beans cultivars inoculated with both strains of the fungus, as well as of non-inoculated seeds, it can be observed that germination of the seeds of cv. Pérola were more severely affected than the seeds of cv. Ouro Negro (Table 5) .
There was a gradual reduction of the initial stand of the seedlings with increase of initial inoculum potential applied to seeds of the two cultivars as much for the strain S1, as for strain S2, with statistically significant differences between potentials of initial inoculum P1 and P3 (Table 6 ). However, as expected, this reduction was not observed for the initial stand of seedlings originating from non-inoculated seeds (WF).
For the mean values obtained to the final stand of seedlings assessed at 28 days after sowing, it was observed that there were statistically significant differences between the means obtained only for the seeds inoculated with both the fungus strains (S1 and S2) and also for the non-inoculated seeds (WF), for both the cultivars assessed (Table 7) . However, the final stand for the seedlings of the cultivar Ouro Negro was higher in all treatments applied.
The value of the means obtained for the final stand of the seedlings in the control treatment, i.e., without inoculation of the seeds with the fungus (WF), has remained statistically unchanged, but with values statistically higher than the values obtained for the final stand of seedlings originating from seeds subjected to the two initial inoculum potentials assessed; except for the seeds inoculated with strain S2, in the lowest potential of initial inoculum (P1), which was statistically equal.
By what has been discussed up to this point can be emphasized that in this study it was observed many induced reductions by fungus S, sclerotiorum in the values for germination and seed vigor of both the cultivars of common beans assessed, when these seeds were inoculated with the mycelium from the two different strains of the fungus, what was also reflected in the values obtained for the final stand of seedlings.
In relation to effects of inoculation of the seeds with fungus S. sclerotiorum on dry mass production of aerial parts of the seedlings emerged, it was found that there was no statistically significant variation between the means obtained for the seedlings of both common beans cultivars, when these seedlings were originating from seeds inoculated with the two strains of the fungus or originating from non-inoculated seeds (Table 9) . By the means obtained for the control treatment (WF) it was also observed that cv. Pérola has produced higher amount of dry mass than cv. Ouro Negro. A similar result was found by Andrade et al. (2009) in a study performed with common beans seedlings; however comparing the cv. BRS MG Talismã with the cv. Ouro Negro.
Through means obtained for dry mass of roots of the seedlings of the two cultivars assessed, originating from the seeds inoculated with both the strains of the fungus, or originating from non-inoculated seeds, it can be noticed that there was reduction in dry mass of the seedlings, when the initial inoculum potential applied to seeds has been increased (Table 10 ). Table 10 . Means obtained for dry mass of roots of seedlings of two common beans cultivars, originating from seeds inoculated with two different strains of the fungus S. sclerotiorum (S1 and S2), at different levels of initial inoculum (P1 and P2), as well as seeds non-inoculated with the fungus (WF). 12.84 *Means followed by the same uppercase letter in the columns and lowercase in lines are not statistically different between each other by the Tukey test (p ≤ 0.05). ** S1 = strain CMLAPS 02; S2 = strain CMLAPS 401; WF = without the fungus ***P1, P2, P3 = initial inoculum potential after the contact of the seeds with colonies of fungus grown in Petri dishes on NEON culture medium during 36, 72, and 96 h.
Conclusions
The presence of the fungus S. sclerotiorum in common bean seeds in the form of mycelium, regardless of the initial inoculum potential, causes progressive and marked reductions of germination and vigor of seeds, besides causing reductions on the initial stand, and of dry mass and total length of the seedlings, when the environmental conditions are favorable to development of the white mold disease;
The deleterious effects of the fungus S. sclerotiorum upon the common bean seeds may vary depending on the strain of the pathogen used for inoculation; but is independent on the cultivar from which these seeds were harvested;
The high initial inoculum potential of the fungus S. sclerotiorum in common bean seeds may cause progressive damage to the plants in the field due to the rapid spread of the pathogen to new plants; and
The use of bean seeds infected by the fungus S. sclerotiorum contributes to reduced productivity of this crop under environmental conditions favorable to development of the white mold disease.
